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Catalytic high-pressure reactions play an important role in classic bulk chemistry. The optimization of common reactions, the
search for new and more eﬀective catalysts, and the increasing use of catalytic pressure reactions in the ﬁeld of drug development
call forhigh-parallel reactionsystems.Acrucialtaskofcurrentdevelopments,apartfromtheparametersofpressure,temperature,
and number of reaction chambers, is, in this respect, the systems’ integration into complex laboratory automation environments.
1. INTRODUCTION
T h ep r o g r e s si na u t o m a t e dr e a c t i o nt e c h n o l o g yi sm a r k e d
by the continuous development and the miniaturization of
the reaction setups. The most important reasons for this
development are, on the one hand, the reduction of the
amount of used substances (and consequently experimen-
tation costs), and on the other hand, the possibility of in-
creasing the throughput, and therefore reducing the research
costs.
In this respect, one also has to bear in mind that the
miniaturized reaction systems often have to be modiﬁed in
terms of the surface-volume ratio to ﬁt the conventional re-
action systems and to allow the possibility of a future upscale
to larger reaction systems.
The decisive advantage of parallel reaction systems is the
large number of reaction chambers (4-96; feasible volumes
1 to 500mL) that allow for the simultaneous completion of
several reactions.
Presently, there are various commercial systems avail-
able. Devices with a pressure level up to 10 bar are the most
common. These systems generally use a shared gas supply
and therefore do not allow an individual pressure setting
per reactor (e.g., ASW2000 (Chemspeed), Chem-SCAN lp
(HEL), Advantage Series 3400 (Argonaut)). Machines with
a possible reaction pressure of more than 10 bar are usually
equipped with individual pressure settings for each reaction
chamber.Thereare,however,diﬀerencesregardingthepossi-
ble temperature settings (e.g., Endeavor system (Argonaut),
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PPR (Symyx), Chem-SCAN hp (HEL), eightfold parallel re-
actor (Rostock University [1, 2])).
Owing to their limited integration capabilities, the avail-
able reaction systems can only be used to some extent, if at
all, in complex laboratory systems. The “high-pressure par-
allel reactor” by Symyx [3, 4]o ﬀers the best integration ca-
pability intoexisting laboratorysystemsduetoitsmicroplate
format; however, it requires too many manual interventions
with respect to a fully automated synthesis solution.
2. THE MULTIPARALLEL REACTOR HPMR 50-96
A robot-integrated multiparallel reaction system, originally
intended for catalytic pressure reactions, was developed with
the following features, listed in Table 1.
2.1. Concept
The concept described in Figure 1 is based on a modular
reactor set-up, whose decentralized conception includes the
shifting of control tasks to individual, functionally coherent
units. Thus the structural units of the gas management sys-
tem (pressure management), the temperature management,
and the homogenization (mixing) possess separate control
modules, whose intelligence allows an independent control
and adjustment of the structural units following the trans-
mission of the target parameters. This approach also reduces
the workload of the central control server considerably. The
communication between the decentralized parts of the con-
trol system is realized through serial RS232 interfaces at-
tached to the individual structural units.
To operate the reactor, 230V/50Hz power sockets as well
as the usual laboratory surroundings of compressed air, vac-
uum, inert gas, and reaction gas are required.Multiparallel Reactor HPMR 50-96 for Catalytic Pressure Reactions 27
Table 1: Intended features of the high-pressure parallel reactors.
Reaction chamber Glass microtiter plate
Reaction volume 96 × 200–300µL
Pressure To 50 bar absolute pressure; same pressure in each reactor
Temperature 0 to 100◦C; same temperature in each reactor
Mixing Magnetic stirring
Inert conditions
Reactor ﬁlling under inert conditions
Preservation of inert conditions until reaction start
Operation modes Stand-alone and robot integrated
Homogenization
Magnetic cylinder
Gear motor
Servo ampliﬁer
Tempering
Temperature controller
Thermoelectric cooler
Recooling equipment
Heatspreader
Pressurization
Pressure controller
Electromagnetic
process valves
Tubing
Reactor pressure vessel
Pressure vessel
Injection module
Lock mechanism
Pneumatic cylinder/valve
RS232
RS232
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PC104 system
I/O modules
Local
control system
Safety equipment
Pressure-control valve
Manual pressure relief
Pneumatic interlock
Power supply
Switch-mode power
supplies
Wiring
Figure 1: Conceptual structure of the high-pressure parallel reactors.
2.2. Reactionchamber
A glass microtiter plate (Zinsser Analytik) is used as a reac-
tion chamber, which is notable because of its high thermal
stability and high resistance against many chemicals. The
outer dimensions of the glass reactor plates are in accor-
dance with the SBS standards [5]. The plate used has 96 cav-
ities, each with a volume of 530 µL and a height/width ratio
of approximately 3/2, which is useful for successful upscal-
ing.
The reaction chamber must be air- and watertight to
avoid cross-contamination. This is achieved through the use
of a sealing material (Santropene). A 1mm thick stainless
steelclampallowstheattachmentoftheribbedmatontopof
the microtiter plate, even despite the buildup of high vapor
pressure in the wells.
2.3. Pressurechamber
Thepressurechamber,whichismadeofInconel625[6,7,8],
represents the central structural unit of the reactor system,
where the microtiter plate can be placed for the reaction
(Figure 2). The desired robotic integration of the system is
guaranteed by the bifurcation of the chamber into a mov-
able lid and a static bottom half. The sealing of the lid onto
the chamber bottom is achievable using an O-ring, which re-
mains tight due both to the pressure between the lid and the
bottom half as well as to additional deformation from inner
pressure [9].
After the chamber is closed, both units are locked to-
gether with pneumatically moving arms. An injection mod-
ule fastened to the inner side of the lid is used to assist in
controlling the system’s inert gas conditions.28 Journal of Automated Methods & Management in Chemistry
Figure 2: HPMR 50-96.
2.4. Homogenizationandtemperature
The homogenization of the reaction mixture is achieved
through the use of a mixing system based on an outer
magnetic ﬁeld. The speed of the stirring can be as high as
500U/min [10]. Many diverse publications have conﬁrmed
the eﬃciency of this principle [11].
The temperature of the reaction chamber can be varied
within the range of 0◦C to 100◦C using six peltier elements.
The heat energy that has been extracted from the chamber is
released through an integrated back cooling system into the
surroundings. Two specially formed copper plates assist the
enlargement of the area for the heat transfer.
2.5. Gasmanagement
The use of reaction gas (hydrogen or carbon monoxide)
requires an eﬀective and reliable gas management system
(Figure 3). The system must ensure the inert conditions up
to the pressurization of the reaction gas as well as its safe
handling. The reaction gas pressure can reach as high as 50
bar within the integrated gas management system. The use
of a digital pressure control device with an adaptable reg-
ulation valve allows a constant pressure rise in the cham-
ber while avoiding pressure eruptions. Moreover, assurance
of the system’s performance requires a guaranteed vacuum
supply. The diﬀerent gas pressures can be separately con-
trolled.
2.6. Controlsystemhardware
For the central reactor control system, which both commu-
nicates with all of the other structural units of the decentral-
izedsystemandsuppliestheirsensorsandactuators,aPC104
system is used [12]. With the help of the installed software,
the system supports the stand-alone as well as the robot-
integrated mode.
The central module is a 3.5inch PC-board “PCM-5825”
(Advantech). An integrated digital I/O card PCM-3730 uses
the 16 optically isolated inputs and outputs to control the
pneumatics valves as well as to read the signals of the posi-
tion encoder. Two additional ORS-cards (BMC) increase the
number of I/O ports for additional control options.
3. PROCESS CONTROL SYSTEM SOFTWARE
The ﬂexibility of the software in relation to its enlargement
and especially its ability to be transferred into future device
platforms, along with the integration of the required system
modes, play an important role in the conception of the re-
actor control system. The control system, which is divided
intothreelevels,meetstheserequirementsduetoitsmodular
structure and its clear organization in response to concrete
assignments. Control of the experiment process is based on a
methodproducedbeforehandbytheguidingsystem.Theop-
eration of the reactor in a higher-ranking system is achieved
through the selection and initiation of a method from a cho-
sen group of methods.
A graphical interface is used for data input and visu-
alization. In addition to displaying the tests of the current
experiment along with the parameters, the software is also
capable of monitoring the reaction; it shows the current
pressure, temperature, and stirring speed rates. In addition,
the progress of each experiment can be observed. Moreover,
a visualization of the communication between the process
control system and the master system is also possible. The
methodplanningisdonethroughthecreationofthemethod
itself with the help of the Editor, depicted in Figure 4.
This part of the process consists of the selection of the re-
quiredcontrolcommandsandthearrangementofitsparam-
eters within the necessary time constraints. Every method
produced is saved in a method directory in the system.
4. APPLICATION
The system HPMR 50-96 has been tested for the hydro-
genation of benzoin to hydrobenzoin carried out by us-
ing the homogenous catalyst 1,1 -Bis(di-i-propylphosphino)
ferrocene (1,5-cyclooctadiene)rhodium(I) tetraﬂuoroborate
[(COD)Rh(DiPFc)]+BF
−
4 in methanol (Figure 5).
To measure the precision under identical conditions, all
96 wells of the microtiter plate were ﬁlled with an identical
solution (catalyst concentration 0.4mol%), and the reaction
was carried out at 25◦C, 30 bar, and at a stirring speed of
300U/min for 60 minutes. GC/MS analysis was used to track
the reaction.
In the results, an average yield of Hydrobenzoin between
89% and 92% was detected. The precision was determined
to be very high with relative standard deviations lower than
2%. In addition, it was demonstrated that repeated experi-
ments (> 10 plates) showed very good results. Relative stan-
dard deviations of approximately 2% were measured for all
plates with a yield of about 90% of R,R-, S,S-, and meso-
hydrobenzoin.Multiparallel Reactor HPMR 50-96 for Catalytic Pressure Reactions 29
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Figure 3: The concept of the gas management system.
Figure 4: Editor of method planning.
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Figure 5: Formal scheme of the hydrogenation of benzoin to hydrobenzoin.30 Journal of Automated Methods & Management in Chemistry
5. SUMMARY AND OUTLOOK
The multiparallel reactor HPMR 50-96 represents a signif-
icant development in the ﬁeld of reaction technology for
chemical applications. Due to its structural set-up, its modu-
lar structure, and the design of the control software, it can be
used both in stand-alone mode and as an integrated compo-
nent of more complex laboratory automation systems, sup-
ported by robots. The potential applications of the reactor
arenotlimitedtocatalytichighpressurereactions;thesystem
can also be used for diﬀerent tasks in the ﬁeld of synthesis
optimization or combinatorial chemistry.
Future research projects include the expansion of the sys-
tem to allow parallel treatments of up to 384 tests and the
increase of the possible pressure ranges.
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